Allografts of bone from the femoral head are often used in orthopaedic procedures. Although the donated heads are thoroughly tested microscopically before release by the bone bank, some surgeons take additional cultures in the operating theatre before implantation. There is no consensus about the need to take these cultures. We retrospectively assessed the clinical significance of the implantation of positive-cultured bone allografts. The contamination rate at retrieval of the allografts was 6.4% in our bone bank. Intra-operative cultures were taken from 426 femoral head allografts before implantation; 48 (11.3%) had a positive culture. The most frequently encountered microorganism was coagulase-negative staphylococcus. Deep infection occurred in two of the 48 patients (4.2%). In only one was it likely that the same micro-organism caused the contamination and the subsequent infection.
Bone allografts are often used in orthopaedic procedures to reconstruct loss of bone stock particularly in revision hip and arthroplasty surgery. [1] [2] [3] [4] Other indications are in tumour surgery, primary hip reconstructions in patients with loss of bone stock and in trauma. Most of these procedures are extensive and complex and are associated with higher rates of infection. This has been attributed to the more complex surgery, but bacterial contamination of the allograft cannot be excluded as a cause.
Allografts of the femoral head obtained from living donors at primary total hip replacement (THR) are the most frequently used. In many areas bone banks have been established which are responsible for collecting, testing and storing these heads according to stringent protocols. At donation, cultures are taken to exclude bacterial contamination or infection of the femoral head which is then stored in the bone bank at -80˚C. Typically between 1% and 22% of the donated bone grafts are found to be contaminated and are not used. [5] [6] [7] [8] Although the donated heads are thoroughly tested microscopically before release by the bone bank, some surgeons take additional cultures in the operating theatre just before transplantation. However, there are no recommendations as to the subsequent action to be taken when such cultures are positive. There are only a few reports on the clinical significance of bone allografts which are culture-positive at implantation 5, [7] [8] [9] [10] and these studies showed contrasting results with rates of infection of between 0% and 75%.
We routinely perform a cancellous bone biopsy for microbiological culture just before using the allograft. We have analysed the outcome of these cultures and compared them with that of cultures of femoral heads obtained at donation by the same bone bank, which were all cultured using the same protocol. The clinical outcome of all patients who received a femoral head with a positive microbiological culture at transplantation was analysed.
Materials and Methods
Bone-banking protocol at donation. Between 1999 and , the bone bank of Sanquin Bloodbank Region South East in Nijmegen received 3744 femoral heads from several orthopaedic departments in the region. All were obtained from living human donors undergoing primary THR. The donors were tested for hepatatis B and C, HIV, human T-cell leukemia virus (HTLV) and syphilis at donation and at six months after surgery. The grafts were retrieved under aseptic conditions and immediately after removal were washed with 0.9% sterile saline and dried. A piece of cancellous bone from the cut surface was taken for microbiological culture. Subsequently, the grafts were placed in sterile containers and stored at -80˚C in the bone bank. Those with a negative culture were stored for a maximum of five years.
The bone biopsies taken for culture were collected in sterile containers and transported immediately to the microbiology laboratory. All specimens were processed in a laminar-flow cabinet. Under aseptic conditions, 5 ml of sterile NaCl 0.9% and sterile glass beads were added. The container was shaken for 30 minutes at 290 rpm. The following media were inoculated with the saline suspension: Columbia blood agar (Becton Dickinson, Heidelberg, Germany) (5% sheep blood), incubation four days in 5% CO 2 at 37˚C; fastidious anaerobe agar (Lab M Limited, Bury, United Kingdom), four days in anaerobic conditions at 37˚C; liquid Sabaroud medium (Oxoid Ltd., Basingstoke, United Kingdom), seven days in ambient air at 29˚C. Subsequently, 50 ml of thioglycolate broth (Becton Dickinson, Franklin, New Jersey) were added to the bone specimen and the remaining saline suspension. The latter was incubated for ten days in ambient air at 37˚C. All the media were inspected daily for growth. Terminal subcultures of the thioglycolate broth were performed on Columbia blood and fastidious anaerobe agars which were incubated as above for 48 hours. All isolates were identified using colony morphology, growth conditions, Gram staining and catalase and oxidase tests. They were stored for a minimum of three months at -80˚C.
Bone-bank protocol for cultures taken just before transplantation. During this same period, cultures were taken from 426 femoral heads just before transplantation by two of the orthopaedic departments in the region. The allografts were removed from the freezer for thawing 30 minutes before transplantation. The scrub nurse, who changed to new sterile gloves and had clean instruments, collected a biopsy from the surface of the head for microbiological culture. Subsequent transport and culture procedures were as described above. After taking the biopsy the femoral head was bathed in warm saline to facilitate thawing. No additional washing with antiseptic fluids was undertaken.
A retrospective review was carried out on all the patients who had received an allograft with a positive culture just before transplantation. At operation, all patients received per-operative antibiotic prophylaxis with 2 g IV cefazolin.
No patient was lost to follow-up. The patients notes were analysed for problems with wound healing, changes in body temperature after surgery and laboratory studies performed during admission. After discharge, the patients were evaluated on routine post-operative visits or on indication. All were followed for a minimum of two years after surgery.
An infection was defined as persistent wound leakage with oedema, positive isolation of organisms from wound swabs and evident clinical and laboratory signs of infection soon after operation. 7, 8, 11 Any further procedure resulting from a deep infection or septic loosening of the prosthesis within two years of surgery was also noted. Superficial problems with wound healing without clinical and laboratory signs of infection or cases of negative wound swabs were excluded.
Results
Of the 3744 femoral heads, 239 (6.4%) were discarded because of positive cultures at retrieval. In the same period 48 (11.3%) of the cultures from 426 femoral heads taken just before transplantation were positive. The rate of posi- Table I . The 48 culture-positive allografts were implanted into different patients. In 20 patients (42%) a revision hip replacement was performed with bone impaction grafting for aseptic loosening. In 28 (58%) the grafts were used in combination with a joint replacement. In five (10%) impaction grafting was part of a two-stage revision procedure for septic loosening. The other reconstructions with grafts around implants were two total knee revisions and a revision of an elbow prosthesis. In 14 (29%), reconstructions were performed after oncological surgery. The other procedures were for those fractures of the tibia, one of which had been infected, and three reconstructions for avascular necrosis of the hip. All 48 patients were reviewed two years after surgery. Three patients (6.3%) developed a wound infection (Table II) but in only one (2.1%) was it likely that the same micro-organisms caused the contamination and the subsequent infection. This patient underwent a revision THR. A coagulase-negative staphylococcus was cultured from the allograft. There was an early post-operative wound infection and the patient was treated empirically with 1 g oral flucloxacillin four times a day for four weeks, at which time exploration and debridement was undertaken. The components were retained. Coagulase-negative staphylococcus epidermidis and streptococcus viridans were cultured and treatment with 1 g oral flucloxacillin four times a day was contained for a further seven weeks. Two years post-operatively, there were no signs of recurrent infection. No operations were required for aseptic loosening of a prosthesis within this period.
Discussion
Our study suggests that there is no need to obtain additional microbiological cultures just before implantation of allografts of the femoral head retrieved from living donors. In only one case was there a possible relation between the micro-organism cultured at donation and that which caused a deep wound infection.
During the period of study 239 (6.4%) of all donated femoral heads to our bone bank were discarded as a result of a positive culture. This discard rate is comparable with that of other reviews in which rates of contamination of 1% to 37% have been reported. [5] [6] [7] [8] [9] [11] [12] [13] The higher percentages mostly involved large cadaver allografts in which femoral heads from living donors usually showed lower rates of contamination.
At transplantation 48 of 426 allografts (11.3%) had a positive microbiological culture. The few reports available show positive culture rates at transplantation of between 3.4% and 12%. 5, [7] [8] [9] Although the culture protocols at retrieval and transplantation were identical and performed by the same laboratory under stringent conditions, there was a significantly higher rate of positive cultures in the group in which the cultures were taken from the femoral heads just before transplantation. The most likely explanation is that during the operation there is contamination in the environment of the surgical wound. In many cases the allografts are needed at least one hour after commencing the operation and in complex revisions they may be at the site of surgery for many hours before use. Intra-operative cultures from instruments during THR showed rates of contamination of up to 33%.
14 A sampling error may be another cause of the difference in the results of culture between retrieval and implantation since only a small biopsy from a large surface was collected. The cultures probably represented very low numbers of bacterial contamination since all were positive only after incubation for more than 48 hours in liquid culture medium. The overall rate of contamination of liquid media cultures from sterile body sites in our laboratory has been estimated to be 7.5%. The bacteria isolated at implantation were similar to those isolated at retrieval, and most represented commensal skin flora typically described as contamination of cultures during collection, transport or processing in the laboratory.
There are few reports on the significance of positivecultured allografts at implantation. [5] [6] [7] [8] [9] [10] Barriga et al 9 used 189 allografts and found that 22 (12%) had a positive culture at implantation. No infections occurred. Liu et al, 7 however, found infection in nine of 12 (75%) patients receiving positive-cultured allografts at implantation. The number of patients in these studies is small and the followup short. Most other reports are also retrospective and have follow-up periods of between one and two years. 6, 7, 9, 10 Although not impossible, infections which occur two years or more after implantation are unlikely to have been acquired during the original operation. A haematogenous spread is more probable in these cases. [15] [16] [17] Some studies consider wound-healing disorders as an infection, whereas others differentiate between minor and major infections. The method of culture may differ and more destructive micro-organisms may be involved in different studies.
Most studies concerning allograft surgery typically show infection rates of between 3% and 12%. 5, 7, 8, 10, 11, [18] [19] [20] Revision hip replacements with bone grafting have a rate of infection of between 3% and 8%. 21 Tomford et al 11 found the incidence of infection in patients receiving allografts to be 5% in tumour surgery and 4% in revision hip replacement. The cause of infection was not entirely clear, but they stated that contamination of the allografts was probably not a factor. From our study, we can confirm this view. There is therefore no value in obtaining microbiological cultures of allografts of the femoral head from living donors just before implantation.
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